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SYSTEMS AND METHODS FOR
CONTROLLING LIGHT PHASE
DIFFERENCE IN INTERFEROMETRIC
WAVEGUIDES AT NEAR FIELD
TRANSDUCERS

FIELD

The present invention relates generally energy assisted
magnetic recording (EAMR) systems for information storage
devices, and more specifically to systems and methods for
controlling light phase diflerence 1n 1interferometric
waveguides at near field transducers by selectively heating,
the light source.

BACKGROUND

Energy assisted magnetic recording (EAMR) or heat
assisted magnetic recording (HAMR ) technology 1s intended
to be used to increase areal density of information storage
devices such as hard disks. In these assisted recording sys-
tems, a laser beam 1s delivered through an optical waveguide
and interacts with a near field transducer (NFT) that absorbs
part of the optical energy and forms a very strong localized
clectromagnetic field 1n the near field region. When the local-
1zed electromagnetic field 1s close enough to the recording
medium, the recording medium absorbs part of the localized
clectromagnetic field energy and 1s thereby heated up ther-
mally, which helps to realize the magnetic recording process.

The efliciency of the NFT depends on the intensity and
polarization direction of electromagnetic field (light) deliv-
ered to 1t through the waveguide(s) 1n order to induce a
desired plasmonic resonance. However, controlling the inten-
sity and polarization direction of electromagnetic field (light)
delivered to the NFT includes many challenges.

SUMMARY

Aspects of the mvention relate to systems and methods for
controlling light phase difference 1n mterferometric
waveguides at near field transducers by selectively heating
the light source. In one embodiment, the invention relates to
a system for controlling light phase at a near field transducer
(NFT) of an interferometric waveguide, the system including
a laser, a heater configured to heat the laser, a splitter config-
ured to recerve light from the laser and to split the light into a
first waveguide arm and a second waveguide arm, the first
waveguide arm and the second waveguide arm converging at
a junction about opposite the splitter, and the near field trans-
ducer (NFT) proximate the junction and configured to receive
the light, where the first waveguide arm 1s longer than the
second waveguide arm by a preselected distance, and where
the heater 1s configured to generate and maintain a prese-
lected phase difference in the light arriving at the NFT via the
first waveguide arm and the second waveguide arm.

In another embodiment, the invention relates to a method
for controlling light phase at a near field transducer (INF'T) of
an nterferometric waveguide system including a laser, a
heater configured to heat the laser, a temperature sensor con-
figured to measure a temperature of the laser, a splitter con-
figured to recerve light from the laser and to split the light into
a {irst waveguide arm and a second waveguide arm, the {irst
waveguide arm and the second waveguide arm converging at
a junction about opposite the splitter, and the near field trans-
ducer (NFT) proximate the junction and configured to receive
the light, where the first waveguide arm 1s longer than the
second waveguide arm by a preselected distance, the method
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2

including monitoring the temperature of the laser, and adjust-
ing a power level generated by the heater based on the laser
temperature to substantially maintain a preselected phase
difference 1n the light arriving at the NE'T.

In yet another embodiment, the invention relates to a
method of manufacturing a system for controlling light phase
at a near field transducer (NFT) of an interferometric
waveguide, the method including forming a splitter on a
slider, the splitter configured to receive light from a laser and
to split the light into a first waveguide arm and a second
waveguide arm, the first waveguide arm and the second
waveguide arm converging at a junction about opposite the
splitter, where the first waveguide arm 1s longer than the
second waveguide arm by a preselected distance, forming the
near field transducer (NFT) on the slider and proximate the
junction, the NFT configured to recerve the light, attaching
the laser to a submount, attaching a heater to the submount
proximate the laser, the heater configured to heat the laser and
thereby generate and maintain a preselected phase difference
in the light arriving at the NFT, and attaching the submount to
the slider such that the splitter 1s substantially aligned to
receive the light from the laser.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a 1s a front view of an energy assisted magnetic
recording (EAMR) assembly including an interferometric
waveguide configured to receive light from a laser adjacent to
a heater and to direct the recerved light to a near field trans-
ducer (NF'T) that directs light energy on to a magnetic media,
where the heater 1s configured to generate and maintain a
preselected phase difference in the light arriving at the NFT
via two waveguide arms 1n accordance with one embodiment
of the invention.

FIG. 15 15 a side view of the EAMR assembly of FIG. 1a
including the interferometric waveguide positioned within a
slider and the laser and heater mounted to a submount
attached to the slider in accordance with one embodiment of

the mvention.

FIG. 1c¢ 15 a top view of the interferometric waveguide of
FIG. 1a including an exploded view of a schematic represen-
tation ol the standing wave intensity along the waveguide
near the NFT in accordance with one embodiment of the
invention.

FIG. 2 1s a schematic block diagram of a control system for
controlling an EAMR assembly including an interferometric
waveguide with a heat controlled laser and feedback control
in accordance with one embodiment of the invention.

FIG. 3 1s a flowchart of a general process for controlling an
EAMR assembly including an interferometric waveguide
with a heat controlled laser and feedback control in accor-
dance with one embodiment of the invention.

FIG. 4 1s a flowchart of a detailed process for controlling an
EAMR assembly including an interferometric waveguide
with a heat controlled laser and feedback control in accor-
dance with one embodiment of the invention.

FIG. 5 1s a flowchart of a process for calibrating an EAMR
assembly including an interferometric waveguide with a heat
controlled laser 1n accordance with one embodiment of the
invention.

FIG. 6 1s a flowchart of a process for manufacturing an
EAMR assembly including an interferometric waveguide
with a heat controlled laser 1n accordance with one embodi-
ment of the mvention.

DETAILED DESCRIPTION

A brief description of some related systems and technolo-
gies 1s helptul to an understanding of this invention. Some of
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the most promising waveguide designs employ a standing
optical wave formed by two beams reaching the near field
transducer (NFT) from two different directions. In one design
proposed by engineers at the company employing the inven-
tors for the instant application, a lollypop-type NFT design
radiates primarily to the left and the right 1n a plan view, and
1s optimally driven by light impinging from both directions of
a wishbone shaped waveguide with arms that converge at a
junction including the NFT.

In particular, a symmetric “interferometer’” version of the
lollypop-type NFT design was proposed by engineers at the
company emploving the inventors for the instant application.
In this design, the beam coupled into the waveguide 1s split
into each of the two arms of the interferometer waveguide.
When these two beams are delivered to the NEFT location, a
standing wave 1s formed, causing efficient resonance of the
plasmonic structure provided it 1s located at the antinode of
the standing wave. In order to achieve such resonance, light
traveling through two arms of the interferometer should accu-
mulate the phase difference of about p1 radians. For typical
laser diodes operating in 800 nanometer (nm) range (1n air/
vacuum) and typical mode effective mode index of refraction
n of the waveguide core around 1.6 to 1.7, the tolerance of the
interferometer arms manufacturing should be better than
about 50 nm over their entire length. However, maintaining
such tight tolerances 1s both difficult and expensive. This
problem becomes even more complicated when the wave-
length of the laser changes as the laser diode 1s heated up 1t the
two arms are not of equal length.

One way to circumvent this problem 1s to maintain active
control of the light phase by altering the optical path 1n one of
the arms of the mterferometer. For instance, thermal expan-
sion ol the waveguide and/or changing 1ts mode index of
refraction using a neighboring heating element can achieve
phase delay and desired phase of incoming light. However,
the waveguide materials that are currently used require sev-
eral hundred degrees to achieve the required path variation

over reasonable sub-millimeter waveguide lengths. For
instance, the refractive mode index change for Ta,O. with
temperature (dn/dT) is about 4x10" -6 with units of 1/K. This
implies that 1n order to achieve a phase delay of about pi
radians 1n a 0.1 mm-long waveguide, the waveguide tempera-
ture has to be raised by about 1000 deg C. Such heating may
not be practical, and even 11 the heating were reduced some-
what by a different choice of the waveguide core materials it
would likely cause fly-ability problems when applied asym-
metrically to a slider 1n a magnetic storage device. Alterna-
tively, an iclusion of the electro-optic element can be 1ncor-
porated 1n one of the waveguide arms. However, such a
solution would require expensive materials and may cause
significant reliability problems.

Referring now to the drawings, embodiments of EAMR
systems and methods that improve on these designs are 1llus-
trated. These improved EAMR systems and methods control
light phase at near field transducers of mterferometric
waveguides by selectively applying heat to the light source.
The EAMR systems include a laser and a heater configured to
heat the laser. The laser provides light to a waveguide includ-
ing a splitter which splits the light into a first waveguide arm
and a second waveguide arm, where the first waveguide arm
and the second waveguide arm converge at an NF'T about
opposite the splitter along the waveguide. The NF'T receives
the light from the waveguide arms, which generally have
unequal lengths. In order to deliver light of the desired inten-
sity and polarization direction, the heater generates and main-
tains a preselected phase difference 1n the light arriving at the
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4

NFE'T via the first waveguide arm and the second waveguide
arm by controlling the heat applied to the laser.

A method of operation for the improved EAMR systems
can include monitoring the temperature of the laser and
adjusting a power level generated by the heater based on the
measured laser temperature to substantially maintain the pre-
selected phase difference 1n the light arriving at the NFT (e.g.,
a feedback control system). A method of manufacturing the
improved EAMR systems can include forming the splitter on
a slider, forming the NF'T on the slider and proximate the
junction of the waveguide arms, attachuing the laser to a sub-
mount, attaching the heater to the submount proximate the
laser, and attaching the submount to the slider such that the
splitter 1s substantially aligned to receive the light from the
laser.

FIG. 1a 1s a front view of an energy assisted magnetic
recording (EAMR) assembly 100 including an interferomet-
ric waveguide 102 configured to recerve light from a laser 104
(not visible 1 FIG. 1a but see FIG. 1b) adjacent to a heater
106 and to direct the received light to a near field transducer
(NEFT) 108 that directs light energy on to a magnetic media
110, where the heater 106 1s configured to generate and main-
tain a preselected phase difference in the light arriving at the
NFE'T 108 via two waveguide arms (102a, 1025) 1n accordance
with one embodiment of the invention. The waveguide 102 1s
mounted to, or positioned within, a magnetic transducer or
slider 112 positioned just above the media 110. The heater
106 and laser 104 are mounted to a submount 114 that 1s
attached to a top surface of the slider 112. A capping layer 116
1s positioned between the heater 106 and the laser 104. In
some embodiments, the heater 106 can be thought of as
including both a heating element 106 and the capping layer
116.

The assembly further includes a temperature sensor 118
mounted to a front surface of the submount 114 and adjacent
to the laser 104. The temperature sensor 118 can be used to
measure the temperature of the laser 104. The assembly fur-
ther includes a controller (not visible but see FIG. 2) that can
be coupled to the laser 104, the heater 106, the slider 112
and/or the temperature sensor 118 to ensure that a preselected
phase difference and corresponding preselected temperature
of the laser 104 1s substantially maintained. The controller
can be coupled to other components in order to achieve these
intended functions, and/or positioned 1n other suitable loca-
tions. The controller can be implemented using a micropro-
cessor, a microcontroller, programmable logic devices, dis-
crete components, or any combination of these components.

In operation, the laser 104 generates light and directs it on
the waveguide 102. The waveguide 102 receives the light and
splits the light 1into a first waveguide arm 102q and a second
waveguide arm 1025 at a splitter 102¢ positioned close to the
laser 104. The first and second waveguide arms (102a, 1025)
first diverge and then converge at a junction within which the
NET 108 i1s positioned. The NFT 108 then converts the
received light energy 1nto near-field electromagnetic energy
and directs 1t into the media 110. The near-field electromag-
netic energy can effectively be converted into thermal energy
delivered to the media 110. As the light 1s delivered to the
NFT 108 from the waveguide arms (102a, 1025) with the
preselected phase difference, the light from the waveguide
arms elficiently and constructively combines at the NFT to
maximize the energy delivery to the media. In several
embodiments, the preselected phase difference, which can be
a delay 1n phase or an advance 1n phase, 1s an odd multiple of
180 degrees, or (2n+1) multiplied by 180 degrees where n 1s
an integer. In one such embodiment, n 1s 1n a range from about
100 to about 1000. In other embodiments, other optimal
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phase difference or phase delays can be used. In one embodi-
ment, for example, the phase difference can be a non-integer
multiple of 180 degrees. In one embodiment, the preselected
phase difference 1s an even multiple of 180 degrees, or (2n)
multiplied by 180 degrees where n 1s an integer. In some
embodiments, the preselected phase difference 1s chosen to
substantially maximize a local heating of the magnetic media
110 while substantially minimizing an optical power gener-

ated by the laser 104.

In some embodiments, the temperature sensor 118 1s used
to measure the temperature of the laser 104 and the heat
generated by the heater 106 1s adjusted to maintain the pre-
selected phase difference based on the measured temperature.
In other embodiments, no temperature sensor 1s used and the
heater 106 1s simply configured to maintain the preselected
phase difference by providing a substantially constant prese-
lected temperature.

In several embodiments, the temperature sensor 118
includes a resistance temperature detector (RTD). To achieve
good measurement accuracy and stability the resistance of the
RTD can be chosen to be within the range of about 1 to 100
kilo-ochms. Some common materials for the RTD include
platinum, nickel, and/or copper. It 1s also possible to monitor
the laser 104 (e.g., laser diode) temperature by measuring the
voltage drop across the laser diode 1tself as a function of any
given current value. Like most semiconductor structures, the
laser diode 104 changes its electrical resistance as the tem-
perature raises. The advantage of this approach 1s twotold: it
can eliminate the need for a dedicated temperature trans-
ducer, and also, perhaps more importantly, the temperature 1s
measured at the lasing junction 1tself, which can be 1deal for
teedback purposes.

As can be seen from FIG. 1a, the second waveguide arm
10256 1s substantially longer than the first wavegmide arm
102a. In other embodiments, the second waveguide arm 1025
1s only slightly longer than the first waveguide arm 102q. In
other embodiments, the first waveguide arm 102a 1s longer
than the second waveguide arm 1025. In some embodiments,
the difference in length between the first waveguide arm 1024
and the second waveguide arm 1025 1s intentional. In other
embodiments, the difference in length 1s a result of process
manufacturing variations. In several embodiments, the ditfer-
ence 1n length 1s selected to induce a preselected sensitivity of
the phase difference (e.g., phase delay or phase advance) in
the light arriving at the NF'T to the temperature of the laser. In
several embodiments, the difference in length 1s based on a
mode index of refraction of the first waveguide arm 102q and
the second waveguide arm 1025, a preselected ambient tem-
perature, and/or a preselected operational temperature range.
In some embodiments, the splitter 102¢ splits the light evenly
between the first and second waveguide arms (102a,1025). In
other embodiments, the splitter 102¢ splits the light unevenly.

In the embodiment 1llustrated 1n FIG. 1a, the preselected
phase ditflerence 1s accomplished, at least 1n part, based on the
preselected difference 1n length between the waveguide arms.
In other embodiments, the preselected phase difference can
be accomplished using other suitable implementations. For

example, co-pending U.S. patent application Ser. No. 13/399,
250, entitled, “SYSTEMS AND METHODS FOR

INCREASING MEDIA ABSORPTION EFFICIENCY
USING INTERFEROMETRIC WAVEGUIDES”, the entire

content of which 1s expressly incorporated herein by refer-
ence, describes a number of suitable techniques for accom-
plishing the preselected phase difference for an interferomet-
ric waveguide.
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In FIG. 1a, the heater 106 1s implemented using a spiral
trace on a capping layer. In other embodiments, other suitable
implementations of a heater or heating element can be used.

FIG. 15 1s a side view of the EAMR assembly 100 of FIG.
1a including the interferometric waveguide 102 positioned
within the shider 112 and the laser 104 and heater 106
mounted to the submount 114 attached to the slider 112 n
accordance with one embodiment of the invention.

FIG. 1c¢ 1s a top view of the interferometric waveguide 102
of FIG. 1a including an exploded view of a schematic repre-
sentation of the standing wave light intensity along the
waveguide near the NFT 108 1n accordance with one embodi-
ment of the invention. As can be seen in the exploded view, the
standing wave light 1s directed from the first waveguide arm
102a toward the NFT 108, and similarly, the standing wave
light 1s directed from the second waveguide arm 1025 toward
the NF'T 108. A number of antinodes 120 are shown within the
standing wave which constructively arrives at the NFT 108.

FIG. 2 1s a schematic block diagram of a control system
200 for controlling an EAMR assembly including an inter-
ferometric waveguide with a heat controlled laser 204 and
teedback control in accordance with one embodiment of the
invention. The control system 200 includes a controller 202
coupled to a switch 203, a laser 204, and a temperature sensor
218. The switch 203 1s coupled to a heater 206. The controller
202 1s configured to control the heater 206 using the switch
203. The temperature sensor 218 1s positioned proximate the
heater 206 and measures the temperature of the heater 206.

The controller 202 can increase or decrease the power
applied to the heater 206 based on temperature information
received from the temperature sensor 218. In several embodi-
ments, the controller 202 can also control the power applied at
the laser 204. In a number of embodiments, the heater 206,
laser 204, and temperature sensor 218 are arranged 1in the
manner depicted i FIGS. 1q and 15. In some embodiments,
the controller 202 can be implemented within central process-
ing circuitry associated with a disk storage device. In such
case, the switch 203 can implemented within pre-amplifier
circuitry of the disk storage device. In several embodiments,
the switch 203 is capable of recerving a digital current value
and supplying a corresponding analog current value to the

heater 206. In other embodiments, the control system 200 can
be arranged in other suitable configurations to control the
heater 206.

FIG. 3 1s a flowchart of a general process 250 for control-
ling an EAMR assembly including an interferometric
waveguide with a heat controlled laser and feedback control
in accordance with one embodiment of the invention. In par-
ticular embodiments, control process 250 can be used in
conjunction with the EAMR assemblies described above. The
process first mitializes (252) an interferometric waveguide
system including a laser, a heater configured to heat the laser,
a temperature sensor configured to measure a temperature of
the laser, a splitter configured to receive light from the laser
and to split the light into a first waveguide arm and a second
waveguide arm, the first waveguide arm and the second
waveguide arm converging at a junction about opposite the
splitter, and a near field transducer (NF'T) proximate the junc-
tion and configured to receive the light, where the first
waveguide arm 1s longer than the second waveguide arm by a
preselected distance. In some embodiments, no mnitialization
1s performed.

The process then monitors (254) the temperature of the
laser. The process then adjusts (256) a power level generated
by the heater based on the laser temperature to substantially




US 8,675,455 Bl

7

maintain a preselected phase difference 1n the light arriving at
the NFT. The process can then return to monitoring the laser
temperature in block 254.

In some embodiments, the 1nitialization includes a calibra-
tion process for determining an optimum power level for the
heater and a corresponding optimal laser temperature. In such
case, the mmitializing block can also include setting the heater
power level to the optimum power level. In some embodi-
ments, the process further includes periodically determining,
the optimum power level for the heater and the corresponding,
optimal laser temperature 1n a re-calibration process.

In one embodiment, the process can perform the sequence
of actions 1n a different order. In another embodiment, the
process can skip one or more of the actions. In other embodi-
ments, one or more of the actions are performed simulta-
neously. In some embodiments, additional actions can be
performed.

FI1G. 4 1s a flowchart of a detailed process 300 for control-
ling an EAMR assembly including an interferometric
waveguide with a heat controlled laser and feedback control
in accordance with one embodiment of the invention. In par-
ticular embodiments, feedback control process 300 can be
used 1n conjunction with the EAMR assemblies described
above. The process first sets (302) the heater power level to a
predetermined optimum power level if no write events
occurred for more than a predetermined duration (e.g., about
100 microseconds) at the slider. The process then determines
(304) whether there 1s a need to write data. If not, the process
keeps checking at block 304. If so, the process starts (306) a
timer. The process then starts (308) writing data.

The process then applies (310) time dependent heater
power to keep the laser temperature substantially constant
despite any laser self heating. The process then determines
(312) whether the writing 1s done. If not, the process measures
(314) the laser temperature. The process then determines
(316) whether the laser temperature changed. If not, the pro-
cess returns to determining whether the writing 1s done 1n
block 312. If the laser temperature changed in block 316, the
process then determines (318) whether the heater power
should be decreased. If not, the process adjusts (320) the
heater power parameters accordingly and returns to applying,
the time dependent heater power to keep the laser temperature
substantially constant 1n block 310.

If the heater power should be decreased 1n block 318, the
process then stops (322) writing. From block 322, the process
then calculates (324) the heater power required for the opti-
mal laser temperature based on the current laser temperature
level. In one embodiment, the calculated heater power may
require an increase in the laser temperature, thereby bringing,
a contiguous antinode to the vicinity of the NFT to maintain
the preselected phase difference at the NFT. From block 324,
the process then pre-heats (326) the laser to the desired opti-
mal temperature and then returns to starting to write data in
block 308.

If the process determines that the writing 1s done 1n deci-
sion block 312, the process then stops (328) writing. From
block 328, the process determines (330) whether there 1s a
need to write data. I not, the process returns to determining
whether there 1s a need to write data 1n block 328. 11 there 1s
a need to write data 1n block 330, the process measures (332)
the laser temperature. From block 332, the process then cal-
culates (324) the heater power required for the optimal laser
temperature based on the current laser temperature level,
pre-heats (326) the laser to the desired optimal temperature,
and then returns to starting to write data in block 308.

In one embodiment, the process can perform the sequence
of actions 1n a different order. In another embodiment, the
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process can skip one or more of the actions. In other embodi-
ments, one or more of the actions are performed simulta-
neously. In some embodiments, additional actions can be
performed.

FIG. 5 1s a flowchart of a process 400 for calibrating an
EAMR assembly including an interferometric waveguide
with a heat controlled laser 1n accordance with one embodi-
ment of the mvention. In particular embodiments, calibration
process 400 can be used 1n conjunction with the EAMR
assemblies described above. The process first writes (402)
data to a selected track and stays locked on the selected track.
The process then writes (404) a single tone at a range of heater
powers using about the same preselected laser power and
about the same write duration. In several embodiments, the
actions of block 404 can be seen as a sort of coarse tuning.

The process then reads (406) back the test signal write
amplitude which 1s expected to be a periodic function of the
heater RTD or laser resistance change as antinodes pass the
NE'T. Also 1n block 406, the process calibrates and/or adjusts
the RTD or laser resistance change 1n accordance with the
preselected phase delay, and then records the best or highest
write amplitude. The process then writes (408) test patterns at
the estimated best phase laser heater powers and reads the
signal amplitude back, where the best phase corresponds with
the best signal to noise ratio (SNR) for given tone. In several
embodiments, the actions of block 408 can be seen as a sort of
fine tuming. The process then determines (410) whether the
signal amplitude 1s within about 5 percent of the best write
amplitude from block 406. I not, the process returns to block
406 to read back the test signal write amplitude.

I1 the signal amplitude 1s within about 5 percent of the best
write amplitude in block 410, the process writes (412) test
patterns at different EAMR write durations using predicted
best heater values, and then reads the signal amplitude back.
The process then characterizes (414 ) the laser self heating rate
based on the recording performance. Also 1n block 414, the
process generates and/or adjusts heater compensation tempo-
ral profiles for different write durations. In several embodi-
ments, this action 1s dynamic and depends on both the write
history and expected duration of future writes. The process
then writes (416) test patterns at estimated best profile laser
heater powers (e.g., laser heater powers that give best results)
and reads the signal amplitude back. The process then deter-
mines (418) whether the signal amplitude 1s within about 5
percent of the best write amplitude from block 406. If not, the
process returns to block 414 to characterizes the laser self
heating rate. If the signal amplitude 1s within about 5 percent
of the best write amplitude 1n block 410, the process repeats
(420) process 400 for different zones and laser power values.

In several embodiments, repeated writing of the test pat-
terns at different laser power/duration and heater compensa-
tion profiles should help find and maintain the optimal phase
delay between the arms of the interferometer. In such case, 1f
a cheaper copper (or stmilar) RTD 1s used, periodic recalibra-
tion can address potential changes 1in the RTD properties due
to conditions such as oxidation or aging. In some embodi-
ments, 1t may also possible to completely eliminate active
monitoring of the laser temperature by periodically running
optimization procedures based on recording performance. In
such case, the calibration can be done against the heater
power values with no relation to the temperature sensor read-
ing. However, 1n that case, the laser cooling (from the previ-
ous write events) rates should be taken into account. The
calibration may need to be repeated every several minutes
until the drive temperature stabilizes.

In one embodiment, the process can perform the sequence
of actions 1n a different order. In another embodiment, the
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process can skip one or more of the actions. In other embodi-
ments, one or more of the actions are performed simulta-
neously. In some embodiments, additional actions can be
performed.

FIG. 6 1s a flowchart of a process 500 for manufacturing an
EAMR assembly including an interferometric waveguide
with a heat controlled laser 1n accordance with one embodi-
ment of the invention. In particular embodiments, manufac-
turing process 500 can be used to form the EAMR assemblies
described above. The process first forms (502) a splitter on a
slider, where the splitter 1s configured to receive light from a
laser and to split the light into a first waveguide arm and a
second waveguide arm. In such case, the first waveguide arm
and the second waveguide arm converge at a junction about
opposite the splitter, and the first waveguide arm 1s longer
than the second waveguide arm by a preselected distance. The
process then forms (504) a near field transducer (NFT) on the
slider and proximate the junction, the NFT configured to
receive the light. The process then attaches (506) the laser to
a submount. The process attaches (508) a heater to the sub-
mount proximate the laser, where the heater 1s configured to
heat the laser and thereby generate and maintain a preselected
phase difference 1n the light arriving at the NFT. The process
then attaches (510) the submount to the slider such that the
splitter 1s substantially aligned to receive the light from the
laser.

In one embodiment, the process can perform the sequence
of actions 1n a different order. In another embodiment, the
process can skip one or more of the actions. In other embodi-
ments, one or more of the actions are performed simulta-
neously. In some embodiments, additional actions can be
performed.

While the above description contains many specific
embodiments of the invention, these should not be construed
as limitations on the scope of the invention, but rather as
examples of specific embodiments thereol. Accordingly, the
scope of the mvention should be determined not by the
embodiments 1llustrated, but by the appended claims and
their equivalents.

In several embodiments described above, the first
waveguide arm 102a 1s depicted as being shorter than the
second waveguide arm 1025. In other embodiments, the first

waveguide arm 102a 1s longer than the second waveguide arm
1025.

What 1s claimed 1s:

1. A system for controlling light phase at a near field
transducer (NFT) of an interferometric waveguide, the sys-
tem comprising;:

a laser;

a heater configured to heat the laser;

a splitter configured to recerve light from the laser and to
split the light into a first waveguide arm and a second
waveguide arm, the first waveguide arm and the second
waveguide arm converging at a junction opposite the
splitter 1n a light propagating direction; and

the near field transducer (NFT) proximate the junction and
configured to receive the light,

wherein the first waveguide arm 1s longer than the second
waveguide arm by a preselected distance, and

wherein the heater 1s configured to generate and maintain a
preselected phase difference 1n the light arriving at the
NEFT wvia the first waveguide arm and the second
waveguide arm.

2. The system of claim 1, wherein the preselected phase

difference 1s about pi radians multiplied by (2n+1), wheren 1s
an integer.
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3. The system of claim 2, wherein n ranges from about 100
to about 1,000.

4. The system of claim 1, wherein the preselected phase
difference 1s about p1 radians multiplied by 2n, where n 1s an
integer.

5. The system of claim 1, further comprising a temperature
sensor configured to measure a temperature of the laser.

6. The system of claim 5, further comprising a controller
coupled to the temperature sensor and the heater, the control-
ler configured to maintain a preselected temperature at the
laser.

7. The system of claim 6, wherein the preselected tempera-
ture 1s selected to maintain the preselected phase difference.

8. The system of claim S, wherein the temperature sensor
comprises a resistance temperature detector.

9. The system of claim 5, wherein the temperature sensor 1s
configured to measure the laser temperature by measuring a
resistance of the laser.

10. The system of claim 1:

wherein the NFT 1s configured to direct heat on a magnetic

media surtface;

wherein the preselected phase difference 1s chosen to maxi-

mize a local heating of the magnetic media while mini-
mizing an optical power of the laser.

11. The system of claim 1, wherein the preselected distance
1s selected to induce a preselected sensitivity of the phase
difference 1n the light arriving at the NF'T to a temperature of
the laser.

12. The system of claim 1, wherein the preselected distance
1s selected based on a mode index of refraction of the first
waveguide arm and the second waveguide arm, a preselected
ambient temperature, and a preselected operational tempera-
ture range.

13. The system of claim 1:

wherein the laser 1s mounted to a submount,
wherein the heater 1s mounted proximate the laser,
wherein the submount 1s mounted to a top surface of a

slider,

wherein the splitter, the first waveguide arm, the second

waveguide arm, and the NFT are mounted to the slider,
the NFT being mounted proximate an air bearing surface
of the slider, and

wherein the slider 1s configured to be suspended above a

magnetic media disk.

14. The system of claim 1, wherein the splitter 1s config-
ured to split the light about equally between the first
waveguide arm and the second waveguide arm.

15. A method for controlling light phase at a near field
transducer (NFT) of an interferometric waveguide system
comprising a laser, a heater configured to heat the laser, a
temperature sensor configured to measure a temperature of
the laser, a splitter configured to receive light from the laser
and to split the light 1into a first waveguide arm and a second
waveguide arm, the first waveguide arm and the second
waveguide arm converging at a junction opposite the splitter
in a light propagating direction, and the near field transducer
(NFT) proximate the junction and configured to receive the
light, wherein the first waveguide arm 1s longer than the
second waveguide arm by a preselected distance, the method
comprising;

monitoring the temperature of the laser; and

adjusting a power level generated by the heater based on

the laser temperature to substantially maintain a prese-
lected phase difference 1n the light arriving at the NFT.

16. The method of claim 13, further comprising determin-
ing an optimum power level for the heater and a correspond-
ing optimal laser temperature using a calibration process.
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17. The method of claim 16, further comprising setting, at
least 1nitially, the heater power level to the optimum power
level.

18. The method of claim 16, wherein the adjusting the
heater power level comprises substantially maintaining the
optimal laser temperature.

19. The method of claim 16, further comprising determin-
ing, periodically, the optimum power level for the heater and
the corresponding optimal laser temperature using a re-cali-
bration process.

20. The method of claim 15, wherein the preselected phase
difference 1s about pi radians multiplied by (2n+1), wheren is

an integer.
21. The method of claim 20, wherein n ranges from about

100 to about 1,000.
22. The method of claim 15, wherein the preselected phase
difference 1s about p1 radians multiplied by 2n, where n 1s an

integer.

23. The method of claim 15, wherein the temperature sen-
sOr comprises a resistance temperature detector.

24. The method of claim 15, wherein the temperature sen-
sor 1s configured to measure the laser temperature by mea-
suring a resistance of the laser.

25. The method of claim 15:

wherein the NF'T 1s configured to direct heat on a magnetic

media surface;

wherein the preselected phase difference 1s chosen to maxi-

mize a local heating of the magnetic media while mini-
mizing an optical power of the laser.

26. The method of claim 15, wherein the preselected dis-
tance 1s selected to mnduce a preselected sensitivity of the
phase difference in the light arriving at the NFT to a tempera-
ture of the laser.

27. The method of claim 15, wherein the preselected dis-
tance 1s selected based on a mode 1ndex of refraction of the
first waveguide arm and the second waveguide arm, a prese-
lected ambient temperature, and a preselected operational
temperature range.
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28. The method of claim 15:

wherein the laser 1s mounted to a submount,

wherein the heater 1s mounted proximate the laser,

wherein the submount 1s mounted to a top surface of a
slider,

wherein the splitter, the first waveguide arm, the second

waveguide arm, and the NFT are mounted to the shider,
the NFT being mounted proximate an air bearing surface
of the slider, and

wherein the slider 1s configured to be suspended above a

magnetic media disk.

29. The method of claim 15, wherein the splitter 1s config-
ured to split the light about equally between the first
waveguide arm and the second waveguide arm.

30. A method of manufacturing a system for controlling
light phase at a near field transducer (NF'T) of an interfero-

metric waveguide, the method comprising:

forming a splitter on a slider, the splitter configured to
receive light from a laser and to split the light 1nto a first
waveguide arm and a second waveguide arm, the first
waveguide arm and the second waveguide arm converg-
ing at a junction opposite the splitter in a light propagat-
ing direction, wherein the first waveguide arm 1s longer
than the second waveguide arm by a preselected dis-
tance;

forming the near field transducer (NFT) on the slider and
proximate the junction, the NFT configured to receive
the light;

attaching the laser to a submount;

attaching a heater to the submount proximate the laser, the
heater configured to heat the laser and thereby generate
and maintain a preselected phase difference 1n the light
arriving at the NFT; and

attaching the submount to the slider such that the splitter 1s
substantially aligned to receive the light from the laser.
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